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ABSTRACT

The First GARP Global Experiment (FGGE) is the largest and most
complex observational experiment within the Global Atmospheric
Research Programme (GARP), a joint research undertaking of the
World Meteorological Organization and the International Council
of Scientific Unions. For a period of twelve months starting
on 1 December 1978, the entire global atmosphere will be
studied in unprecedented detail through the use of a composite
observing system involving satellites, ships, aircraft, bal-
loons, and ocean buoys in addition to the routine observing
system of the World Weather Watch,  The data will be collected
and processed through a special FGGE data management scheme in-
volving the combined efforts of many countries and internation-
al organisations., Within two years of the completion of the
observational phase of the experiment, the complete global sets
of meteorological and oceanographic data should be available
for research aimed at improving the range and accuracy of weath-
er forecasting and obtaining a better understanding of the phy-
sical basis of climate.

INTRODUCTION

After a decade of planning, the Global Weather Experiment FGGE (an acronym for
'First GARP Global Experiment') formally began on 1 December 1977 with the commence-
ment of a build-up year. For a period of twelve months starting on 1 December 1978,
the entire global atmosphere will be monitored with an array of satellites, ships,
instrumented aircraft, constant level balloons, drifting buoys, an? other observing
systems in a detail that has never been possible before. The FGGE will be the
largest fully international experiment ever undertaken in meteorology and possibly
in all science. It is the major observational effort of the Global Atmospheric
Research Programme (GARP), which has the ultimate goal of a scientifically sound
basis for long range weather prediction, The planning for FGGE has involved the
efforts of many thousands of scientists and administrators from virtually every
country of the world. It represents a direct international investment of several
hundreds of millions of dollars and a total investment of the order of a thousand
million dollars. It is premised on the belief that the potential benefits of
improved weather prediction and better understanding of the mechanisms of climate
variation far outweigh the cost of the experiment and the risks of failure., The

* Edited summary.
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purpose of this paper is to give a simple overview of the origin, objectives, and
planning of FGGE as it entered its build-up year.

THE GLOBAL ATMOSPHERIC RESEARCH PROGRAMME

The concept of GARP had its origins in the exciting technological developments of
the Sputnik period. The successful launching of instrumented earth-orbiting satel-
lites in the late 1950s opened up the prospect of monitoring the world's weather
patterns from space. The development of computers made possible the numerical
simulation of the atmospheric circulation through physical/mathematical models and
thus pointed the way to a feasible scientific basis for weather forecasting,

In September 1961 US President J.F, Kennedy addressed the General Assembly of
the United Nations. He said:

With modern computers, rockets and satellites, the time is ripe to
harness a variety of disciplines for a concerted attack . . . the
atmospheric sciences require world-wide observation and, hence,
international cooperation . . . We shall propose further cooperative
efforts between all nations in weather prediction . . . We shall
propose, finally, a global system of . . . satellites linking the
whole world .. . .

The nations of the world took up the challenge. In General-Assembly Resolution
1721 (XVI) of 20 December 1961, the United Nations acknowledged the potential value
of improved meteorological services to mankind and pointed the way ahead:

The General Assembly

Noting with gratification the marked progress for meteorological
science and technology opened up by the advances in outer space,

Convineced of the world-wide benefits to be derived from inter-
national co-operation in weather research and analysis,

1. Recommends to all Member States and to the World Meteorological
Organization . . . the early and comprehensive study, in the
light of developments in outer space, of measures:

(a) To advance the state of atmospheric science and technology
so as to provide greater knowledge of basic physical forces
affecting climate . . ;

>

(b) To develop existing weather forecasting capabilities and to
help Member States make effective use of such capabilities
through regional meteorological centres;

2. Requests the World Meteorological Organization, consulting . .
with Unesco and other specialised agencies and governmental and
non-governmental organisations, such as the International Council
of Scientific Unions, to submit a report to its member Governments
and to the Economic and Social Council . . . regarding appropriate
organizational and financial arrangements to achieve these ends . .

Developments came thick and fast (Fig 1). In response to Resolution 1721 (XVI),
the World Meteorological Organization submitted its 'First Report on the Advancement
of the Atmospheric Sciences and their Applications in the Light of Developments in

Outer Space' and, in its Resolution 1802 (XVII) of 14 December 1962, the UN General

Assembly issued a new call for global cooperation in meteorological operations and

research, This time .the General Assembly specifically invited the International

Council of Scientific Unions to join in a concerted effort in the following terms:



ROY. MET. SOC. AUST. BRANCH MEETING 15 NOVEMBER 1977 J.W. ZILLMAN 177
The General Assembly

1. Notes with appreciation the prompt initial response of the
World Meteorologlcal Organization . . . ;

2. Calls upon Member States to strengthen weather forecasting
services and to encourage their scientific communities to
cooperate in the expansion of atmospheric science research;

3. Recommends that the World Meteorological Organization . . .
should develop in greater detail its plan for an expanded
programme to strengthen meteorological services and research,
placing particular emphasis on the use of meteorological satel—
lites . . . ;

4, Invites the International Council of Scientific Unions . . . to
develop an expanded programme of atmospheric science research which
will complement the programmes fostered by the World Meteorological
Organization.

By late 1967 two parallel developments of immense significance to the future of
global cooperation in meteorology had taken place. In April 1967 the Fifth World
Meteorological Congress approved the initial four-year plan and implementation program
for the World Weather Watch, an integrated global observing, communications, and data
processing system designed to make available to every nation the meteorological and
related environmental information required in order to enjoy the most efficient and
effective meteorological services possible (World Meteorological Organization 1967).
On 10 October 1967 the World Meteorological Organization, as a specialised agency
of the United Nations withmembership including virtually every nation of the world,
and the non~governmental International Council of Scientific Unions agreed to sponsor
jointly a Global Atmospheric Research Programme as the international framework for
the development of a scientifically sound physical basis for long range weather pre-
diction,

As subsequently defined and agreed by WMO and ICSU:

The Global Atmospheric Research Programme (GARP) is a programme for studying
those physical processes in the troposphere and stratosphere that are essent-
ial for an understanding of:

(a) The transient behaviour of the atmosphere as manifested
in the large-scale fluctuations which control changes of
the weather; this would lead to increasing the accuracy
of forecasting over periods from one day to several weeks;

(b) The factors that determine the statistical properties of
the general circulation of the atmosphere which would lead
to a better understanding of the physical basis of climate.

This programme consists of two distinct -parts, which are, however, closely inter-
related:

(i) The deéién and testing by computational methods of a
series of theoretical models of relevant aspects of
the atmosphere's behaviour to permit an increasingly
precise description of the significant physical pro-
cesses and their interactions;

(ii) Observational and experimental studies of the atmos-
phere to provide the data required for the design of
such theoretical models and the testing of their
validity.
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UN GENERAL ASSEMBLY
RESOLUTION 1721, 1961

WMO FIRST REPORT ON THE ADVANCEMENT
ON THE ATMOSPHERIC SCIENCES AND THEIR
APPLICATIONS IN THE LIGHT OF DEVELOP-
MENTS IN OUTER SPACE

UN GENERAL ASSEMBLY
RESOLUTION 1802,1962

\
|NTERNYATIONAL COUNCIL OF SCIENTIFIC UNIONS

WORLD METEOROLOGICAL ORGANIZATION

SECOND REPORT, 1963
THIRD REPORT, 1964 WMO ADVISORY ICSU/IUGG COMMITTEE ON

FOURTH REPORT, 1965 COMMITTEE . ATMOSPHERIC SCIENCES
FIFTH REPORT, 1966

CONCEPT OF JOINT CONCEPT OF A
CONCEPT OF WORLD WMO-ICSU RESEARCH GLOBAL ATMOSPHERIC
WEATHER WATCH AS PART OF WWW RESEARCH PROGRAM

Y Y

STOCKHOLM CONFERENCE JUNE - JULY 1967

y

FIFTH WORLD METEOROLOGICAL CONGRESS 1967 ICSU ASSEMBLY

WORLD WEATHER WATCH
PLAN AND IMPLEMENTATION WMO-ICSU AGREEMENT
PROGRAM 1968-1971 OF 10 OCTOBER 1967
WWW GARP

Fig 1 Origin of the World Weather Watch (WWW) and the Global Atmjospheric Research
Programme (GARP) as parallel developments from United Nations General
Assembly Resolution 1721 (XV1) of 20 December 1961.
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GLOBAL ATMOSPHERIC RESEARCH PROGRAMME
ULTIMATE GOAL

A SCIENTIFICALLY SOUND PHYSICAL BASIS
FOR LONG-RANGE WEATHER PREDICTION

MAIN OBJECTIVES OF GARP

IMPROVED UNDERSTANDING FORMULATION OF
OF THE PHYSICAL PROCESSES IMPROVED PHYSICAL MODELS Ggopg)\bf%'gsl)s%svlﬁv'\le FSOYRS{'\EM
OF THE GENERAL CIRCULATION OF THE ATMOSPHERE

v

GARP SUB-PROGRAMMES

| GLOBAL SUB-PROGRAMME — FGGE 1977-79 ‘ 1

INUMERICAL EXPERIMENTATION SUB-PROGRAMME]

[ CLIMATE DYNAMICS SUB-PROGRAMME |

| TROPICAL SUB-PROGRAMME — GATE 1974 ; |
| POLAR SUB-PROGRAMME B POLEX 1979 ‘ B
| MONSOON SUB-PROGRAMME |—— ISMEX 1973; MONSOON 77: MONEX, WAMEX 197§J
[ AIR-SURFACE INTERACTION SUB-PROGRAMME |—— ANTEX 197475, JASIN 1970.78 |
[ RADIATION SUB-PROGRAMME — - CAENEX 197075 ]
| MOUNTAIN SUB-PROGRAMME | ALPEX 1980 |

'

MAIN POTENTIAL BENEFITS

INCREASED ACCURACY OF FORECASTING OVER
PERIODS FROM ONE DAY TO SEVERAL WEEKS BETTER UNDERSTANDING OF THE PHYSICAL BASIS

(GARP “FIRST OBJECTIVE") OF CLIMATE (GARP “'SECOND OBJECTIVE™)

Fig 2 A summary interpretation of the ultimate goal and objectives of GARP leading to the
formulation and execution of a number of GARP Sub-programmes and associated
observational experiments (centre right) and eventual realisation of beneflts in the
fields of forecasting and climate.
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As the main scientific organ for the planning and organising of the research
program, WMO and ICSU set up a Joint Organizing Committee of twelve distinguished
scientists chaired by Professor B. Bolin of Sweden. The two organisations also
agreed on procedures for the establishment of GARP Sub-programmes and subsidiary
bodies and for the conduct of GARP Experiments (Joint Organizing Committee 1969a).
Figure 2 'summarises the main Sub-programmes and correspondlng field experiments so
far undertaken or planned under GARP.

CONCEPT OF A GLOBAL WEATHER EXPERIMENT

The concept of a global observational experiment has been central to the planning
of GARP from the outset. Even before the formal conclusion of the WMO-ICSU agree-
ment in 1967, the outlines of such an experiment were beginning to take shape
(National Academy of Sciences 1966). By the mid-1960s it had become clear that
further progress with the development of physical/mathematical models for simulation
and forecasting of the large-scale atmospheric circulation would depend on a much
better cover of observational data than was then available or could be expected to
become available from the operational World Weather Watch. The FGGE was thus con-
ceived as an internationally coordinated effort to measure the large-scale state
and motion of the entire global atmosphere over .an extended period (Joint Organi-
zing Committee 1969b, Bolin 1971, Joint Organizing Committee 1973),

In view of the rapid advances in space and comput er technology that had in-
spired and followed from the UN resolutions of 1961 and 1962, it appeared, in the
early stages of planning for GARP, that an adequate global observing system and
sufficiently powerful computers to process the data it would provide could be
achieved by the mid 1970s (Bolin 1969). It was recognised that the planning would
involve many difficult scientific decisions and value judgments and would, in the
end, represent a balance between three basic factors - scientific objectives, tech-
nological feasibility, and availability of resources. A major milestone was passed
in September 1972 when, at an Intergovernmental Conference in Geneva, the nations
agreed that the concept of a global experiment remained valid and that, despite
gathering clouds on the economic horizon, detailed planning for the conduct of the
FGGE should proceed (World Meteorological Organization 1972). Institutional re-
sponsibility for implementation of the Experiment was assigned to WMO and hence to
the National Meteorological Services of the world and a high-level Intergovernmental
Panel was set up under the auspices of the WMO Executive Committee to serve as the
international focus for the detailed coordination, planning, and implementation of
the FGGE (World Meteorological -Organization 1973). By February 1976 international
plans and commitments had reached the stage where the build-up year, of the FGGE
could be firmly scheduled to begin in late 1977 with the operational year of intens-
ive global observations starting at the end of 1978. '

The central task of the Global Weather Experiment is to obtain a data set that
will be both adequate as a basis for global numerical weather prediction research
and feasible in terms of technology and resources (World Meteorological Organization
1977a), Although initially conceived as the first (First GARP Global Experiment) of
a number of such global experiments, it is now falrly widely accepted that an under-
taking of the scale of FGGE could not be mounted again for many‘years. The FGGE
data set must thus be such as to serve, as far as possible, the global data require-
ments under GARP, including those associated with general circulation research and
climate modelling. With this in mind, the specific goals of FGGE have béen identi-
fied as follows:

1. to obtain a better diagnostic understanding of the large-
scale dynamics of the atmosphere and of critical physical
processes;
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2. to provide initial and verifying conditions for modelling
experiments designed to extend the range of operational
weather prediction towards its ultimate limits;

3.  to guide the design of an optimum meteorological observing
and prediction system for operational weather prediction
that will employ on a continuing basis the technical and
scientific knowledge in the Experiment;

4, to investigate, within the limitation of a one-year period
of observation, the physical mechanisms underlying fluctu-
ations of climate in the time range of a few weeks to a
few years and to develop and test appropriate climatic
models.

THE DESIGN OF THE EXPERIMENT

The design and planning of the Global Weather Experiment has been an iterative pro-
cess involving experts from many disciplines in a variety of supporting studies and
systems developments over more than a decade. The GARP Study Conference at Skeppar-
holmen near Stockholm in 1967 (ICSU/IUGG-WMO 1967) spelled out the broad outlines of
the xperiment and set down first estimates of the observations that would be re=-
quired. These provided the basis for a program of observing systems design and
numerical experimentation (COSPAR Working Group VI 1969, Bengtsson 1975). The GARP
Basic Data Set Project of 1969-70 (Phillpot et al., 1971, Lamond et al, 1972, Thompson
1972) represented a first attempt to assemble a global data set approximating the
FGGE requirements as a basis for more refined numerical experimentation.

Determination of the observational requirements for FGGE has involved a parti-
cularly intensive program of numerical experimentation., Basically it has been -
necessary to examine two questions:

1. What accuracy is required in describing the initial state of
the -atmosphere to permit prediction of the future state with
useful skill for extended time periods?

2, What data network when employed with an effective analysis
system will permit specification of the initial state to the
required accuracy?

The various parameters that describe the large-scale state of the atmosphere
are dynamically coupled and some appear to be more critical than others that may -
in principle ~ be inferred. However, while certain trade-offs between parameters
may be allowed for in specifying the data requirements for the Experiment, it has
been continually borne in mind that a modest degree of redundancy must be retained
if the FGGE data set is to be useful in guiding the design of a cost-effective
global observing system for operational purposes.,

The various diagnostic studies and observing system simulation experiments over
the past decade have led to the following general conclusions (World Meteorological
Organization 19774d): ’

. for extended prediction over any portion of the globe,
data for the complete global atmosphere are required;

. because of the weak coupling between mass and motion in
the tropics, particularly complete observations are there
required;

. in order to sample adequately the behaviour of the atmos-

phere in different seasonal regimes, at least a year of
data is required.
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Figure 3 shows the presently planned time schedule for the Experiment eventually
arrived at in the light of a host of scientific, organisatiorial, and logistic consid-
erations. Because of the enormous expense of maintaining a complete range of observ-
ing systems for an entire year, it was decided to concentrate the observational effort
in two Special Observing Periods each of about 60 days in January-February and May-
June 1979, The Special Observing Periods (known as SOP-I and SOP-II) each have, in
turn, a core period of about 30 days of intensive observation, They will coincide
with Regional GARP Experiments being mounted in connection with the monsoons of Asia
(MONEX) and West Africa (WAMEX) and atmospheric processesin the polar regions (POLEX).

The observational requirements for the Global Weather Experiment as determined
by the Joint Organi%ing Committee are summarised in Table 1, For the equatorial
tropics (10°N to 10°S) the resolution requirements have been defined separately for
'active' and ‘'inactive' regions, which differ from season to season as shown in Fig 4,
Figure 5 depicts schematically, for the Australian sector, the kind of network density
that is implied by the statement of requirements in Table 1 and compares, in the right
hand portion of the figure, an estimate of the present number of good World Weather
Watch radiosonde stations in ten-degree latitude bands between 75 N and 75% with the
implied requirements for FGGE.

Although the numbers of World Weather Watch stations broadly meet FGGE require-
ments in the middle latitudes of the northern hemisphere, most of the stations are
over the continents and there still exist major data gaps over the oceans, It is,
however, abundantly clear from Fig 5 that, if the FGGE goals are to be met, a major
observational effort must be mounted in the tropics and the southern hemisphere.

THE FGGE COMPOSITE OBSERVING SYSTEM

Early in the planning of FGGE, it became clear not only that the conventional sur-
face-based observing network of the World Weather Watch could not provide the nec-
essary data but that, indeed, no single observing system would be capable of pro-
viding all the data needed to meet the goals of the Experiment. Accordingly, much
of the planning effort of the last ten years has been directed to the design of a
composite observing system that would build upon, and supplement, for the period
of the Experiment, the basic world-wide observing system developing under the World
Weather Watch,

The Composite Observing System for FGGE is depicted schematically in Fig 6.
It includes the following elements:

1, The Basic Observing System, which will operate throughout
the entire 12 months of the Operational Year and continue
after the end of the Experiment:

. the WWW surface-based network (surface and upper air
stations, ships, and aircraft),

. geostationary satellites (provided by the European
Space Agency, Japan, and the United States),

. polar-orbiting satellites (provided by the USSR and
the United States).

2, Special Observing Systems designed to fill the gaps in the Basic
Observing System. Because of the high cost, most will operate
only during the Special Observing Periods. They consist of:

. supplemental World Weather Watch land stations
established especially for FGGE to improve the
sparse upper air network in certain regions,
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THE OBSERVATIONAL PHASE OF THE GLOBAL WEATHER EXPERIMENT . -
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1. the Build-Up Year, which began on 1 December 1977 and during which new observation, communication, and data
processing systems are progressively being brought into operation and Special Observing Systems tested;

2. the Operational Year, lasting for twelve months from 1 December 1978. During this period the basic observing

and data processing systems will be in full operation;

3. two Special Observing Periods (SOPs) in January~February and May—June 1979 during which the various Special,
Observing Systems for the tropics and the-southern hemisphere will be brought into operation;

4. periods of Intensive Observations in the central thirty days of each SOP during which all systems will be scheduled

to operate simultaneously and at peak effectiveness.
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Fig 4 Definition of the active (shaded) and inactive regions of the equatorial tropics during
SOP-| (January-February 1979, upper) and SOP-Il (May-June 1979, lower).
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Fug 5 A schematic representation of the data requirements for FGGE (left) and a comparison with the
present observational network (right). The array of dots in the earth-sector map on the left represents
the approximate density of observation points from which surface measurements and vertical profiles
of temperature, humidity and wind would be required to meet the specified data requirements
(Table 1). The right hand portion of the diagram compares the corresponding number of observation
points in ten-degree latitude bands with the numbers of good radiosonde stations available from the
WWW upper air network.






